Abstract: Riparian buffers are commonly promoted to protect stream water quality. A common conceptual assumption is that buffers "intercept" and treat upland runoff. As a shift in paradigm, it is proposed instead that riparian buffers should be recognized as the parts of the landscape that most frequently generate storm runoff. Thus, water quality can be protected from contaminated storm runoff by disassociating riparian buffers from potentially polluting activities. This paper reviews and synthesizes some simple engineering approaches that can be used to delineate riparian buffers for rural watersheds based on risk of generating runoff. Although reference is made to specific future research that may improve the proposed methods for delineating riparian buffers, the approaches described here provide planners and engineers with a set of currently available scientifically defensible tools. It is recommended that planners and engineers use available rainfall and stream discharge data to parameterize the buffer-sizing equations and use variable-width buffers, based on a topographic index, to achieve a realistic representation of runoff generating areas.
Introduction
For over two decades, riparian buffers have been aggressively encouraged as part of the environmental protection policies of the United States ͑e.g., Calhoun 1988; Welch 1991; Lee et al. 2004͒ . There is copious published research demonstrating that protecting near-stream parts of the landscape typically leads to improved stream water quality ͑e.g., Lowrance et al. 1997͒ . In fact, riparian buffers are promoted to protect an incredibly wide range of waterand habitat-quality attributes. Unfortunately, the data correlating buffer size with improved water quality are generally quite scattered or inconsistent. The basic underlying research has been reviewed and re-reviewed many times ͑e.g., Lammers-Helps and Robinson 1991; USACE 1991; Van Deventer 1992; Lowrance et al. 1997; Wegner 1999; Broadmeadow and Nisbet 2004; Parkyn 2004; Lee et al. 2004; Hawes and Smith 2005; USEPA 2005͒ , consistently concluding that, in light of scientific uncertainty and inconsistent, quantifiable impacts on water quality, "professional judgment" ͑Lowrance et al. 1997; Haberstock et al. 2000͒ as well as social, economic, and other nonecological factors carry heavy weight in establishing riparian variances and guidelines ͑e.g., Fischer and Fischenich 2000; Lee et al. 2004͒ . This is often explicitly noted in most regional/state buffer guidelines, which are generally available online. As a result, it is not surprising that recommendations for riparian buffer widths range over two orders of magnitude ͑e.g., Hawes and Smith 2005͒, with typical U.S./Canadian averages in the range of 10-30 m ͑Lee et al. 2004͒ .
Some of the most scientifically consistent riparian buffer research has demonstrated that relatively thin ͑Ͻ20 m͒ buffers can have remarkably positive impacts on stream water temperature ͑e.g., Lynch et al. 1984; Beschta et al. 1987; Kochenderfer and Edwards 1991; Johnson and Jones 2000; Murray et al. 2000; Jackson et al. 2001; Macdonald et al. 2003͒ , bank stabilization ͑e.g., Erman et al. 1977; Wipple et al. 1981; Beschta and Platts 1986͒ , and sediment trapping ͑e.g., Wenger 2003; Broadmeadow and Nisbet 2004; Hawes and Smith 2005͒ . However, the data are particularly imprecise with regards to buffer sizes required for effective reduction in soluble nonpoint source pollutants such as nutrients ͑e.g., Daniels and Gilliam 1996; Wenger 2003 ; USEPA 2003͒, pesticides ͑e.g., Neary et al. 1993; Hatfield et al. 1995; Arora et al. 1996; USDA-NRCS 2000; Lin et al. 2002͒, and pathogens ͑Doyle et al. 1977; Zhang et al. 2000; Jamieson et al. 2002; Ferguson et al. 2003; Tyrrel and Quinton 2003; Unc and Goss 2004; Oliver et al. 2005 . This is probably because there is not sufficient understanding of the fatetransport processes in the environment to accurately predict mobility and transformations in riparian areas ͑e.g., Polyakov et al. 2005͒ ; in fact, most of the references cited previously with respect to pathogens are review papers highlighting the complexity of pathogen transport in the environment, yet buffers are commonly promoted as effective pathogen traps based on little actual buffer data ͑e.g., Barling and Moore 1994; USDA-NRCS 1998 , Wegner 1999 Parkyn 2004͒ . Nitrogen may constitute the best understood nutrient with respect to riparian processes and even in this case the data are wildly scattered ͓e.g., see nitrate data in U.S. Army Corps of Engineers ͑USACE͒ ͑1991͒ and USGS ͑2004͔͒ and the persistent nitrogen-related problems in the Gulf of Mexico ͑e.g., Rabalais et al. 1999; Alexander et al. 2000; Howarth et al. 2000͒ and Chesapeake Bay ͑e.g., Staver and Brinsfield 2001; IANEcoCheck 2007͒ testify to the critical knowledge gaps. Despite enormous research efforts, phosphorus may represent one of the most poorly understood pollutants and studies are at best inconclusive with regards to the ability of riparian buffers to "filter" phosphorus ͑e.g., USACE 1991; Lowrance et al. 1997͒ . Indeed, some management practices designed to reduce phosphorus loads to streams actually result in enhanced loadings ͑Dillaha , 1989a Gaynor and Findlay 1995; Daverede et al. 2003; Novotny 2003͒ . This paper proposes a new paradigm for delineating riparian buffers that is scientifically defensible and associated with quantifiable risks. Buffers are consistently conceptualized as areas through which water flows and pollutants are removed ͓Welsch ͑1991͒, widely adopted by a variety of agencies e.g., USDA Forest Service ͑1996͒, USDA-NRCS/USEPA ͑1997͔͒. The idea that buffers intercept runoff is not unique to fixed-width buffers, but also underlies many precision or variable-width buffer designs ͑e.g., Dosskey et al. 2002 Dosskey et al. , 2005 Polyakov et al. 2005͒ . This view of buffers probably originated with early soil conservation research, which was focused on removing suspended sediments from overland flows. Indeed, even narrow ͑Ͻ10 m͒, wellvegetated buffers, if properly maintained, have been shown to be very effective at slowing overland flow and allowing sediment and sediment-borne nonpoint source pollution to settle out of storm runoff ͑e.g., Peterjohn and Correll 1984; Dillaha et al. 1988; Magette et al. 1989͒ . The flow-interception buffer concept is also often appropriate for denitrificating subsurface nitrate fluxes that surface in riparian areas ͑e.g., Lowrance et al. 1997; USEPA 2005͒ . However, the writers suspect that this concept may not be useful for designing riparian buffers for reducing dissolved pollutant loads from storm flows ͑e.g., Walter et al. 1979͒ , which may explain why riparian buffers have had inconsistent benefits with respect to dissolved phosphorus ͑Shep-pard et al. 2006͒. Although, as noted earlier, there is especially poor understanding of the relevant processes associated with phosphorus fate-transport in storm runoff, relatively good insights exist into the processes that generate storm runoff.
In humid, well-vegetated parts of the world, such as the northeastern United States, hydrologists recognize that storm runoff is typically generated from small parts of a watershed, specifically, those where the soil profile is prone to saturating ͑e.g., Dunne 1970; Dunne and Black 1970a,b; Dunne et al. 1975; Dunne and Leopold 1978͒ or at least getting wet enough to promote rapid lateral drainage ͑Lyon et al. 2006a,b͒. The extent of these runoff contributing areas varies throughout the year as the landscape dries and wets and, thus, they are typically referred to as "variable source areas" or VSAs. This mechanism for generating storm flow is in contrast to so-called Hortonian flow, which is produced when and where rainfall intensities exceed soil infiltration capacity ͑e.g., Horton 1933  a situation that appears to occur only rarely in the northeastern United States ͑Walter et al. 2003͒ .
The writers propose delineating riparian buffers based on their risk of generating runoff and that they should be protected to disassociate areas prone to generating storm runoff from areas likely to receive potentially polluting activities. Although claimed to be a new paradigm, the basic concept has been suggested in peer-reviewed literature for several years ͑Walter and Walter 1999; Gburek et al. 2000; Walter et al. 2000 Walter et al. , 2001 Gburek et al. 2002; Agnew et al. 2006; Qui et al. 2007͒ and even demonstrated to be surprisingly effective for reducing phosphorus loads to streams ͑James et al. 2007; Easton et al. 2008͒ . This paper is a review that synthesizes previous research to demonstrate some simple ways of quantifiably delineating riparian buffers based on their propensity to generate storm runoff, i.e., to delineate them based on the best science instead of relying so heavily on professional judgments and inconclusive research findings ͑see the reviews cited earlier͒. It is recognized that there are some other similarly unique perspectives on the roles of riparian buffers including stream-buffer interactions during flooding ͑Il- A two-step approach for identifying runoff generating areas: will be presented first, use a simple rainfall-runoff model to determine the extent or size of the area generating runoff and, second, locate or delineate that area in the landscape. For the second step, both a set-width buffer and a variable-width buffer based on topography are considered.
Determining Extent of Contributing Area
There are several good simulation models that can capture VSA hydrology ͓e.g., TOPMODEL ͑Beven and Kirkby 1979͒, DHSVM ͑Wigmosta et al. 1994͒, SMR ͑Frankenberger et al. 1999͒, VSLF ͑Schniederman et al. 2007͔͒ but these generally require more input data and/or calibration than are typically available for planning and designing best management practices like riparian buffers. Thus, the writers propose using the U.S. Department of Agriculture, Natural Resources Conservation Service ͓͑NRCS͒, formerly the Soil Conservation Service or SCS͔ Curve Number ͑CN͒ equation for estimating storm flow ͑USDA-SCS 1972; USDA-NRCS 1986͒: The CN equation relates storm runoff ͑Q͒ to effective rainfall ͑P e ͒ and a watershed storage factor ͑S͒, usually referred to as the maximum soil storage-all in units of depth: 
͑3͒
Using the methods presented here, the risk of a particular extent of runoff contributing area is associated with the rainfall frequency, i.e., the 10-year rainfall would produce the 10-year contributing area. This, of course, is not strictly true, but it has been a common assumption in engineering design and will be adopted here. Because the original CN equation had no variable for time, the writers' contributing area equations, Eqs. ͑1͒ and ͑2͒, similarly lack this detail and it is typical for engineers to simply use daily rainfall. However, it is likely that any time period is acceptable as long as it is short enough that storm flow ͑overland flow and rapid lateral drainage͒ dominates the water budget, i.e., percolation, evapotranspiration, and micropore drainage are not substantial components to the water balance.
Determining S is challenging. For gauged watersheds it can be back-calculated from Eq. ͑1͒ for a range of different storm sizes ͑e.g., Steenhuis et al. 1995 , Lyon et al. 2004 . For ungauged watersheds, Gburek et al. ͑2002͒ suggest simply using the published tables ͑e.g., USDA-SCS 1972; USDA-NRCS 1986͒ to estimate CN based on land uses and soil characteristics. Unfortunately, as mentioned earlier, the tables implicitly assume Hortonian flow is the dominant storm runoff process and this paper proposes a way of delineating riparian buffers based on VSA hydrology. So there is an uncomfortable discontinuity in using the tabulated CNs in this context. Ideally, one would back-calculate S for nearby watersheds with similar characteristics to the one for which riparian buffers are to be developed. This will be explored further in the example application.
Delineating the Riparian, Runoff Contributing Area
Riparian buffers are most commonly defined by a fixed set-back distance or buffer width, although, recently various ways of delineating nonuniform buffers have been proposed ͑e.g., Ilhardt et al. 2000; Dosskey et al. 2002 Dosskey et al. , 2005 Polyakov et al. 2005͒ . In the proposed method for delineating a riparian buffer, a fixed buffer width, w, can easily be estimated by
where L s = total length of stream in the watershed. This approach was suggested by Gburek et al. ͑2000, 2002͒ . In this project, fixed-width buffers were created using the ArcGIS ͑ESRI software, Redlands, Calif.͒ buffer tool.
A more realistic pattern of VSAs is captured by using a topographic index ͑Agnew et al. Lyon et al. 2006a,b͒. There are many variants on the topographic index concept ͑e.g., Beven and Kirkby 1979; O'Laughlin 1986; Ambroise et al. 1996; Habets and Saulnier 2001; Walter et al. 2002͒ and they all result in similar patterns, although the actual values of the indices will vary. Here only the patterns of relative likelihood of runoff generation are of concern, so the specific method used is probably not too important. In this investigation the soil topographic index was calculated as
where = soil topographic index; a = upslope contributing area per unit contour length ͑m 2 ͒; tan͑␤͒ = topographic slope; K s = mean saturated hydraulic conductivity of the soil ͑m day −1 ͒; and D = soil depth ͑m͒ ͑Walter et al. 2002͒. The contributing areas were determined in ArcView 3.3 ͑ESRI software͒ based on a hydrologically corrected 10 m digital elevation model ͑DEM͒ using a multidirectional flow algorithm ͑Montgomery and FoufoulaGeorgiou 1993͒. Slopes were calculated from the same DEM using the method of Horn ͑1981͒. The soil characteristics, K s and D, were obtained from the SURRGO database ͑USDA-Natural Resources Conservation Service͒. Higher values of represent higher frequency of generating runoff, i.e., perennial streams will have the highest values. For a given A c , the places most likely to saturate were determined by determining a threshold such that the area covered by all values greater than this threshold was equal to A c ͑Fig. 1͒. The combination of Eq. ͑1͒ and the topographic index ͓Eq. ͑5͔͒ have been corroborated with field observations of soil saturation degree ͑e.g., Schneiderman et al. 2007; Easton et al. 2008͒ .
Example Applications

Site Description
To demonstrate the methodologies used for delineating riparian buffers the 230 km 2 Salmon Creek Watershed was considered, which flows into Cayuga Lake north of Ithaca, N.Y. ͑Fig. 2͒. The land use distribution is typical of the region, about 70% is agricultural land, 28% is mixed forest, and the remaining 2% is a mix Fig. 1 . Schematic illustrating how runoff contributing areas were determined; ͑a͒ a "map" of topographic indices, , ͓Eq. ͑4͔͒ is analyzed to determine ͑b͒ the continuous distribution of topographic indices. For any fractional contributing area ͑A c / A ws ͒ ͓from Eqs. ͑2͒ and ͑3͔͒ there is a threshold value that ͑c͒ corresponds to the boundary of the runoff contributing area.
of residential, commercial, and mixed urban land. According to the USGS National Hydrography Dataset, L s = 330 km. A USGS gauge ͑#04234018, latitude 42°33Ј13Љ, longitude 76°32Ј08Љ͒ is about 2 km upstream from Cayuga Lake. Daily streamflow data were collected by the USGS from October 1964 to September 1968 and resumed in March 2007. Precipitation is measured at a Northeast Regional Climate Center weather station near the Cornell University campus, approximately 10 km south of the stream gauge.
Determining S
Two methods were used to estimate S ͓Eqs. ͑1͒-͑3͔͒: it was backcalculated from measured stream discharge-precipitation data and was estimated based on published tables of CN ͑USDA-SCS 1972͒.
S values were back-calculated using Eq. ͑1͒ for 28 welldefined events, i.e., events in which the precipitation and resulting storm hydrograph were clearly separated from adjacent events. ͑Note: it was assumed P e = measured rainfall.͒ For each event, storm runoff, Q, was separated from base flow by subtracting the pre-event streamflow from the hydrograph. Using P e -Q pairs for each event, Eq. ͑1͒ was rearranged to solve for S and a unique S value for each event was back-calculated. The back-calculated S values varied substantially from event to event. Each S value was paired with its corresponding pre-event base flow and it was found that pre-event base flow correlated well with S ͑Fig. 3͒. The writers hypothesize that base flow is a good indicator of antecedent wetness ͑Troch et al. 1993; Shaw and Walter, personal communication, 2008͒. Other base flow separation methods result in similar relationships as shown in Fig. 3 , although the absolute values of S vary with the base flow separation method used ͑data not shown͒. To calculate an average or representative S, measured stream discharge was used to determine the median base flow ͑0.72 cm͒ and the corresponding S value was calculated using the base flow-S correlation ͑see Fig. 3 caption͒; S = 23.5 cm. One could use a bivariate approach to determine a more precise average S ͑e.g., Shaw and Walter, personal communication, 2008͒, but that is beyond the scope of this paper. Because most rivers are not gauged, practitioners will have to extrapolate back-calculated S values from nearby gauged streams. S was calculated for three additional rural watersheds located between the Catskill Mountains in southeastern New York and near Lake Erie in western New York and all were similar to Salmon Creek ͑S = 22.8, 25.5, and 27.8 cm͒. In this example it was found that setting P e to be equal to the measured rainfall worked best. Usually engineers define P e as the total rainfall minus an initial abstraction, I a , which is typically defined as 20% of S ͑USDA-SCS 1972͒. The writers have found that I a is negligible for most rural watersheds in this region, especially for rainfall events Ͼ1 cm ͑data not shown͒. Other researchers have also found I a to be much smaller than 0.2S ͑Jiang 2001; Mello et al. 2003; Woodward et al. 2003; Baltas et al. 2007͒ . Using the published tables of CN ͑USDA-SCS 1972͒, it was estimated that S = 8.7 cm ͑CN= 74͒. However, because of the qualitative nature of the tables, this value is somewhat subjective and could, reasonably, vary substantially, S = 6.6-14.5 cm ͑CN = 79 and 64, respectively͒ ͑Table 1͒. Note, use of the tables appears to presume I a = 0.2S.
Delineating Riparian Buffers
To illustrate the various proposed approaches to sizing riparian buffers, runoff contributing areas, A c , were calculated for rain .6 a For soils identified as a combination of hydrologic soil groups, the first type listed was assumed, e.g., soil hydrologic group C/D was assumed to be C; also, all land uses with no associated soil group ͑Ͻ1% of the area͒ were assigned soil group B. b The writers' best guesses assumed: crop/ pasture= crops, straight row, good condition; mixed forest= woods ͑farm woodlots͒, good condition; other agricultural= pasture, good condition; residential= 1 / 2 acre residential lots ͑all other land uses have only a single CN for each soil group͒. events ranging from 0.03 to 12.9 cm, which corresponds to the observed range of events during 1971-2001. Fig. 4͑a͒ shows the cumulative distribution of daily rainfalls and Figs. 4͑b and c͒ show the corresponding fixed width of riparian buffers ͓Eq. ͑4͔͒ that would correlate to average ͓Eq. ͑2͔͒ and maximum ͓Eq. ͑3͔͒ runoff contributing areas, respectively. Figs. 4͑b and c͒ also show how the buffer widths differ when a backcalculated S ͑solid lines͒ versus tabulated S ͑dashed lines͒ are used. As a reference point, only 3% of rain days experience rain depths Ͼ2.5 cm ͑ϳ1 in.͒ ͓arrow in Fig. 4͑a͔͒ . Thus, it was anticipated that only 3% of the rain days would experience runoff contributing areas larger than that generated by a 2.5 cm rainfall; this is indicated with arrows in Figs. 4͑b and c͒. Using the backcalculated S ͓solid lines in Figs. 4͑b and c͔͒, the A c generated by a 2.5 cm storm corresponds to the area encompassed by ϳ30 m buffer based on avg͑A c ͒ ͓Eq. ͑2͒, Fig. 4͑b͔͒ and ϳ60 m buffer based on the max͑A c ͒ ͓Eq. ͑3͒, Fig. 4͑c͔͒ . It is interesting, although perhaps not overly noteworthy, that, for any given level of risk ͑frequency larger͒, the buffer width of Fig. 4͑b͒ is approximately half that in Fig. 4͑c͒ based on the backcalculated S values.
Clearly, whether one uses a backcalculated S or one based on published tables makes an enormous difference in buffer size, especially for small, frequent events ͑Ͻ ϳ 1 cm͒ ͓Figs. 4͑b and c͔͒, i.e., those exceeded by Ͼ15% of the events ͓Fig. 4͑a͔͒. For larger events ͑Ͼ ϳ 1.4 cm͒, those which are only exceeded by ϳ10% of rainfall events ͓Fig. 4͑a͔͒, the buffer widths based on the backcalculated S are within the range of buffer widths due to the writers' uncertainty in interpreting the published CN tables ͓Figs. 4͑b and c͔͒. However, buffer widths based on tabulated values suggest no runoff until Ͼ1.7 cm ͑0.6 in.͒ of rain, which is an artifact of the initial abstraction and unrealistic as storm runoff is observed in the hydrograph for some daily rainfalls Ͻ1.7 cm ͑data not shown͒. By contrast, the buffer widths based on the backcalculated S values suggest continuum of growing runoff contributing areas with increasing storm size, which is more consistent with VSA-hydrologic theory.
It is noteworthy that the variability in buffer widths due to differences in backcalculated S values was small, especially compared to the uncertainty introduced in using the tabulated CNs ͑Fig. 4͒. Even though relatively consistent S values were found across four regional watersheds, these values will vary somewhat with land use. For example, S for a relatively urbanized watershed near Rochester, N.Y. was found to be 8.7 cm, about a third of the values found for the rural, agricultural watersheds. This is expected because impervious areas generally reduce the water holding capacity of the landscape; for a wholly paved watershed, S Ϸ 0 cm.
As previously noted by Agnew et al. ͑2006͒, fixed-width buffers only approximately correlate with actual runoff contributing areas. To illustrate this, the writers created maps of both fixedwidth and topographic-index delineated riparian buffers for the 3% risk level ͓2.5 cm ͑1 in.͒ rain͔ using the maximum runoff contributing area approach ͓Eq. ͑3͔͒ ͑Fig. 5͒. Interestingly, in many places the fixed-width buffer covers parts of the landscape that are not likely to generate runoff ͓Fig. 5͑b͔͒. There are several headwater areas that appear to be especially prone to generating runoff even though they are not necessarily adjacent to the perennial stream ͓Fig. 5͑c͔͒. The writers speculate that these headwater source areas may be largely responsible for generating runoff that is often observed to "short-circuit" fixed-width buffers. One possible way to help reconcile the differences between fixed-widthand topographic-index-based buffers might be to develop a hydrologically based way of determining the effective stream network, which includes ephemeral and intermittent streams that are often not comprehensively included in regularly mapped hydrography and may include human modifications to the natural drainage system ͑e.g., ditches͒; some such methods have been proposed ͑Tarboton 1997; Duke et al. 2003 Duke et al. , 2006 Seibert and McGlynn 2007͒ but need to be tested in the context of this riparian buffer work and may benefit from improved topographical data, such as that generated by LiDAR. and the fraction of events that generate runoff contributing areas larger than a fixed-width buffer based on ͑b͒ the average contributing area ͓Eq. ͑2͔͒ and ͑c͒ the maximum contributing area ͓Eq. ͑3͔͒. Dashed-lines are based on tabulated CN values, the thin dashed lines correspond to the writers' estimated uncertainty in determining CN from the tables ͑S = 3 and 12 cm͒. Solid lines are based on backcalculated S values; the heavy lines use the S value backcalculated for Salmon Creek and the thin lines correspond to the highest and lowest backcalculated S values ͑22.8 and 27.8 cm͒ for similarly rural watersheds. ͑Note: the lines corresponding to S = 22.8 cm cannot be distinguished from the heavy lines.͒ The arrows illustrate that ͑a͒ 3% of the daily rainfall "events" are Ͼ2.5 cm; ͑b͒ average; and ͑c͒ maximum runoff contributing areas produced by a 2.5 cm rainfall, which will only be exceeded by 3% of the events, correspond to the areas encompassed by ϳ30 or ϳ60 m riparian buffer, respectively, for this watershed.
Conclusions and Recommendations
The new paradigm presented for delineating riparian buffers specifically addresses the problem of stream water contamination by polluted storm runoff. It should be emphasized that buffers provide a variety of environmental benefits beyond this problem and, thus, the methods presented here are meant as additional tools for assessing, planning, and designing riparian buffers. For example, if a planner is interested in trapping sediments, for which the transport processes are different from solutes, this should probably be considered independently of the context of the "new paradigm" presented here. Although, many previous riparian buffer literature reviews have emphasized the need to carefully consider the riparian hydrology, usually with respect to flow paths that may bypass a riparian buffer, the methods put forth here uniquely consider the buffer itself to be the source of storm flow. Water quality is protected by keeping potentially polluting activities out of these areas ͑e.g., James et al. 2007; Easton et al. 2008͒ With regards to the suite of methods synthesized here, it is recommended that planners try to determine S from available stream discharge and rainfall data rather than use published tables ͑USDA-SCS 1972; USDA-NRCS 1986͒. This will require locating nearby gauged watersheds that are as similar as possible to the one for which riparian buffers are being designed. If the tables are used to determine S, practitioners need to recognize that there will be substantial uncertainty in the resulting buffer size. The results presented here suggest that the tabulated values will give similar results to those based on rainfall-discharge data for large rainfall events. If one were to design a riparian buffer using the 1-year 24-h rainfall, it is likely that buffer size would be the same for tabulated and backcalculated S values. For example, the 1-year 24-h rainfall for Salmon Creek is ϳ5.7 cm ͑Hershfield 1961͒ and for which buffer widths determined with either tabulated or backcalculated S values are essentially the same, although large ͓Figs. 4͑b and c͔͒.
It is also recommended that, when possible, preference be given to variable-width buffers, based on a topographic index, over fixed-width buffers. Although the likelihood of an area generating saturation-excess runoff generally decreases with increasing distance from a stream, the patterns are only loosely correlated to distance from stream ͑Agnew et al. 2006͒. Topographic indices appear to capture much more of the realistically, irregular patterns of runoff generating areas ͑e.g., Agnew et al. 2006; Lyon et al. 2006a, b; Schneiderman et al. 2007͒ . However, fixed-width buffers are still likely to be effective ͑e.g., Easton et al. 2008͒ although they will not capture some runoff-prone areas and will likely encompass some areas that have little likelihood of generating runoff.
The immediate research needs that will add substantially to the writers' confidence in the proposed methods for delineating riparian buffers are: ͑1͒ developing a way to estimate S for ungauged watersheds; ͑2͒ formalizing a way to incorporate antecedent wet- ness into quantifying the risk a runoff contributing area extent ͑A c ͒; and ͑3͒ assessing reliable ways of delineating a watershed's drainage network beyond that shown in published hydrography.
